Introduction
Despite advances in evidence-based human immunodeficiency virus (HIV) prevention and treatment strategies, HIV continues to disproportionally impact vulnerable populations, particularly adolescents and young adults (Centers for Disease Control and Prevention, 2012) . In 2013 an estimated 21% of new HIV infections in the U.S. occurred among youth aged 13-24 years, with the highest number of new infections among all age groups occurring in those 20-24 years old (Centers for Disease Control and Prevention, 2015) . At the end of 2014 there were an estimated 40,000 adolescents and young adults 13-24 years old living with HIV in the U.S. (Center for Disease Control, 2014) . While the Center for Disease Control recommends HIV testing for adolescents ages 13 and above (Centers for Disease Control and Prevention, 2006) , it is estimated that only 40% of youth living with HIV (YLHIV) are aware of their diagnosis, and only 6% have achieved virologic suppression (Zanoni & Mayer, 2014) .
The vast majority of YLHIV are non-perinatally HIVinfected (nPHIV) with male-to-male sexual contact risk factor and are disproportionately from communities of color (Center for Disease Control, 2014) . Additionally, the CDC estimates that there are approximately 8,000 individuals greater than 13 years of age living with perinatally acquired HIV (PHIV) (Centers for Disease Control and Prevention, 2015) . Although perinatal transmission is increasingly rare in the U.S., there is a population of PHIV youth that have survived due to advances in combination antiretroviral therapy (cART) and are aging into adulthood (Agwu, Fleishman, Rutstein, Korthuis, & Gebo, 2013; Sohn & Hazra, 2013) . This group of PHIV young adults is often a highly treatment-experienced population where up to 30% are not virologically suppressed on treatment Van Dyke et al., 2011) . While there are unique aspects of the two groups comprising YLHIV, a common theme is that YLHIV experience significant challenges to their engagement and retention in care.
Many YLHIV have competing needs that distract from engaging in care, including unstable housing, under-employment, and co-morbid physical and mental health issues such as depression and anxiety, and/or substance use (Martinez et al., 2003; Philbin et al., 2014; Yehia, Kangovi, & Frank, 2013) . Other specific challenges include difficulty navigating the health care system and identifying clinics that are accessible, offer comprehensive services, and understand the developmental, cognitive, and psychosocial needs unique to youth Yehia, Kangovi, et al., 2013) . Cumulatively, these barriers result in YLHIV having lower rates of linkage to care after HIV diagnosis and lower retention and adherence (Craw et al., 2008; MacDonell, Naar-King, Huszti, & Belzer, 2013; Minniear et al., 2013; Philbin et al., 2014; Rudy, Murphy, Harris, Muenz, & Ellen, 2009; Zanoni & Mayer, 2014) .
Addressing these challenges requires an understanding of where and how YLHIV receive their care. In the U.S. YLHIV can be seen in a variety of adult and pediatric clinical settings by providers with varying training and expertise in caring for this population. There are likely differences in the approaches to YLHIV for providers from different training backgrounds, as seen in non-HIV states such as sickle cell, cystic fibrosis, and end stage renal disease (Furth et al., 2001; Okumura et al., 2008) . Further, clinics can vary in terms of location (urban versus rural, community versus academic) (Reif, Golin, & Smith, 2005; Schranz et al., 2015; Sutton, Anthony, Vila, McLellan-Lemal, & Weidle, 2010) . These potential provider and clinic differences may result in different outcomes among YLHIV in different settings.
Data from the HIV Research Network (HIVRN), a consortium of high-volume clinic sites that provide care to HIV-infected children, youth, and adult patients across the U.S. and examines "real-world" HIV care utilization and outcomes, has shown that 78-91% of nonperinatally HIV-infected youth are cared for in adult clinical settings (Agwu et al., 2012; Agwu et al., 2011; Farmer et al., 2014) . In order to optimize the care for YLHIV, first there must be a better understanding of where they are receiving their care and how the potential differences in that care may impact retention, receipt of antiretroviral therapy, and successful viral suppression.
Methods
We performed a targeted search of the literature to identify the specific kinds of clinical structures and settings where YLHIV in the U.S. receive their care and, where available, the clinical outcomes in those settings. We searched Pubmed® for English language articles published from 2005-2015. We used the terms "HIV", "youth", "adolescent", "care", and "treatment". Our initial search resulted in more than 3,000 papers, though the large majority did not include information on the structure of care for youth in the United States. Titles and abstracts were reviewed for the themes: youthfriendly, structures of care, and outcomes to identify studies that specifically examined our questions of interest.
Results
Our search resulted in 15 studies: three descriptive studies addressing HIV provider, services and clinical environments, two studies addressing how the clinical setting affects outcomes, seven studies addressing outcomes for YLHIV of various population sizes compared to older patients, and three studies specifically addressing differences in care received at pediatric versus adult clinics. Several key themes and concepts emerged.
Descriptive studies of where YHIV receive care
Our search identified three studies that described the structural elements of clinics in which YLHIV receive care: one study focused in detail on adult clinics only and two studies focused on pediatric/adolescent clinics.
Yehia et al. sought to describe the structures of medical care delivered by clinics in the multi-site HIVRN (Yehia et al., 2008) . A cross sectional survey was conducted of adult HIVRN clinics treating patients 18 years or older. Of the more than 13,000 patients cared for at the 11 clinics studied, those 18-30 years old comprised 9% of the total population. The study reported that 51% of the providers are attending physicians, 34% physician trainees, 11% nurse practitioners (NP), and 4% physician assistants (PA). Detail on the subspecialty training of the providers was not included. For the clinics surveyed, the median number of providers was 15 (range, 2-72). The median patient panel was 135 (range, 70-300) for attending physicians, 129 (range, 11-175) for NP, and 142 (range, 100-159) for PA. The median volume of patients was 8.5 per half-day session (range, 5-15). Additionally it was found that greater than half of clinics offered on-site case management, clinical pharmacy, psychiatry, substance abuse, and gynecologic services. These results show the variability of care settings, training, and infrastructure available to YLHIV who are cared for in adult clinical settings. The study also demonstrates that while overall a majority of YLHIV is cared for in adult settings, they comprise small proportions of the clinic population, spread over the many adult sites.
Alternatively, YLHIV comprise a large portion of those cared for in pediatric/adolescent settings. A subsequent HIVRN study sought to describe the organization of care in pediatric/adolescent HIV clinics within the HIVRN (Yehia, Agwu, et al., 2013) . The six pediatric/adolescent clinics, within HIVRN, were surveyed. The study found that 97% of the providers were pediatricians, with 49% specializing in infectious disease. The median patient volume per half-day clinic session was 6 (range, 2-6) for physicians and 4 (range, 1-10) for NPs. The median age was 19 years and PHIV represented 64% of the total. Only two of the clinics surveyed offered all seven ancillary services included in the survey (case management, substance abuse counseling, clinical pharmacy, family planning, nutrition, language translation, and housing/transportation services). When compared to the aforementioned study on adult HIVRN clinics, the providers in pediatric sites have a lower median patient volume than providers in adult clinics. The patient panel per provider was not provided in the pediatric study, though the total patient population at the 6 pediatric sites was 578 compared to more than 13,000 patients cared for at the 11 adult sites. Analyzed together, these studies highlight the differences in patient volume between adult and pediatric sites.
Variety in the structure of care for YLHIV in pediatric settings was also examined by Tanner et al, who sought to identify those elements that make a clinic "youth friendly" . In doing so, several different clinical models for youth are described. Outreach workers, nurses, and physicians at 15 Adolescent Trials Network for HIV Interventions (ATN) sites were surveyed. Six of the clinics were shared spaces that served pediatric and adolescent patients across sub-specialties, seven of the clinics served adolescent patients only, and two clinics were distinct HIV specialty clinics, which were physically separated from the other pediatric/adolescent clinics and also served adult patients. The survey highlighted the importance of the target population role, the physical environment of the clinic, and the social environment of the clinic. The study did not provide detail about clinic size or provider training/expertise so cannot be compared with the above HIVRN data in terms of those parameters.
While there is limited data examining the context in which YLHIV receive care, both adult and pediatric clinic structures vary across sites and that variety of structure may impact the degree of youth friendliness (Figure 1 ). This is important because how and where patients receive care likely has effects on their clinical outcomes.
The effect of clinical structure and environment on engagement and retention in care for YLHIV Given the limited data on the impact of clinical structure for YLHIV, evidence must be obtained through examination of how youth fare within pediatric and adult sites. The HIV care continuum describes the steps that an individual takes starting with awareness of HIV infection, and progressing to care linkage, care retention, receipt of antiretroviral therapy, and ultimately successful viral suppression (Gardner, McLees, Steiner, Del Rio, & Burman, 2011) . Multiple studies, using national and local data, have shown that YLHIV have poorer outcomes over the care continuum compared to other age groups. YLHIV (ages 13-24) were are less likely to be aware of their diagnosis, be linked to care, and remain engaged in care compared to other age groups (Hall et al., 2012; Hall et al., 2013) . Rates of viral suppression are significantly lower among YLHIV compared to older age groups (Muthulingam, Chin, Hsu, Scheer, & Schwarcz, 2013; Dombrowski et al., 2013) . While these studies highlight the challenges for youth along the care continuum, they do not provide information about how these outcomes are affected by the clinic setting where YLHIV receive care, such as urban versus rural location, academic versus community clinic, or pediatric versus adult versus "youth friendly" clinics.
We identified two studies that describe the clinical environment and its impact on engagement and retention, one focused on adult clinics, comparing community versus academic clinics and the other looking at pediatric clinics, comparing clinics with an HIV focus versus those without an HIV focus. Our review did not identify any studies that specifically examined care of YLHIV and their outcomes in urban versus rural settings.
Schranz et al. examined how the care setting, hospital versus community-based, influences the HIV care continuum (Schranz et al., 2015) . The study included patients >18 years cared for in 25 HIV clinics (12 hospital based, 13 community based) in Philadelphia from [2008] [2009] [2010] [2011] . Patients seen at hospital-based clinics and community based clinics were equally likely to complete the final three steps of the continuum, specifically retention in care, receipt of antiretroviral therapy, and ultimately successful viral suppression. Older age, higher household income, and higher median CD4 count were significantly associated with completion of the final three steps. This suggests that similar outcomes can be achieved independent of clinic setting. The percentage of patients included between 18-29 years ranged from 10% to 12% during each of the four years of the study. In 18-29 year olds there was no difference in outcomes in attendance at a community versus academic center. Of note, all other age groups performed better than the 18-29 year old age group in terms of the studied outcomes.
Philbin et al. evaluated a linkage and engagement in care initiative at 15 Adolescent Medicine Trials Network for HIV/AIDS Interventions clinic sites (Philbin et al., 2013) . Clinics were coded based on the population served: adolescent only, shared adolescent/pediatrics, specialty HIV care only (including adolescent and adult patients), and shared pediatric/adolescent checkin but separate clinic space. They found that 70% (1,172/1,679) of patients successfully met linkage criteria and 89% (1,043/1,172) met engagement criteria. The age range was 12-24 years. The study found that clinics that served both adolescent and pediatric patients and clinics focused on HIV only were more successful in engaging youth than clinics serving adolescents only without an HIV focus. Outreach workers judged to be of higher effectiveness were associated with higher rates of engagement. This highlights that training and clinic setting, including the use of effective outreach workers, are important when it comes to engagement of youth. Though this study did not include adult clinics, it provides clinic models that may be effective in engaging youth within the context of pediatric and adolescent clinics.
Outcomes for YLHIV cared for at adult sites
Of particular interest for YLHIV, is the impact of pediatric versus adult clinical structure on care continuum outcomes. Our review found two studies evaluating outcomes for youth cared for in adult clinics.
In a single-center retrospective cohort study, the initiation and maintenance of cART in YLHIV, aged 17-24 years, were compared to HIV-infected adult controls, aged 25-40 years (Ryscavage, Anderson, Sutton, Reddy, & Taiwo, 2011) . The study found inferior virologic outcomes and higher loss to follow up among YLHIV compared to matched adult controls. Fewer youth than adult subjects achieved viral suppression six months after establishing care (27/46, 59%). Viral rebound occurred at least once in 18/32 (56%) of youth and 5/ 38 (13%) of adults. Loss to follow up was 20/46 (44%) for youth versus 5/46 (11%) adults. In this study 15% were (7/46) PHIV. This shows that in at a single urban adult academic outpatient center, where there were no structured on-site programs specifically targeting youth, YLHIV have poorer outcomes in terms of virologic suppression compared to adult controls.
A multisite HIVRN study examining cART initiation in nPHIV youth ages 18-24 (268) versus adults greater than 25 years old (2,859) found that nPHIV youth were less likely to initiate cART when meeting eligibility compared to patients over the age of 25 (Agwu et al., 2011) . In the study, 82% of the NPHIV youth were cared for at adult clinical sites. These two studies highlight that youth cared for in adult clinical settings are less likely to be virologically suppressed and less likely to be initiated on cART compared to their adult counterparts.
Comparison of outcomes for YLHIV cared for at pediatric versus adult sites
We identified three studies comparing outcomes for YLHIV cared for in pediatric clinic sites versus adult sites. Farmer et al. evaluated the retention in care of patients 12-24 years old at 16 HIVRN sites (12 adult, 4 pediatric) and included 9% of patients (101/1059) who were cared for at pediatric sites. Overall only 45% of YLHIV were retained at one year (Farmer et al., 2014) . For all patients the median age at entry into care was 21 years. Forty-two percent of those cared for at adult sites were retained whereas 76% of those cared for at pediatric sites were retained. Loss to follow up was associated with care at an adult site and not being started on combination antiretroviral therapy.
A similar retrospective cohort study examined both PHIV and nPHIV youth enrolled in the HIVRN (6 pediatric and 16 adult clinics) between 2002 and 2011 and found that care at an adult site was associated with a higher likelihood of loss to follow up by the 22nd birthday (AOR, 2.71; 95% CI 1.67-4.42) (Agwu et al., 2015) . There was no difference between PHIV and nPHIV youth in terms of loss to follow up.
Agwu et al. performed a retrospective cohort study of nPHIV youth between the ages of 12-24 who were enrolled in the HIVRN at 14 sites (3 pediatric and 11 adult) (Agwu et al., 2012) . The study focused on the impact of clinical site on cART initiation. 278 treatment-eligible cART-naïve youth were identified, of whom 79% were followed at adult clinical sites. The study found that while there was no difference in treatment initiation for eligible youth at pediatric versus adult sites, youth receiving care at adult HIV clinical sites were 3 times more likely to discontinue their first cART regimen compared to youth cared for at pediatric sites. This direct comparison of care received by YLHIV and followed at similar sites shows that youth are more likely to stop therapy when cared for at an adult site.
Together, these studies highlight that while a majority of YLHIV are cared for in adult clinics, those who are cared for in pediatric clinics have better outcomes in terms of retention and cART usage.
Discussion
In the United States, adolescents and young adults make up an increasingly large proportion of new HIV infections. Following diagnosis, there is no standardized approach for where and how youth are directed to care. By nature of the age range of YLHIV (13-24 years), they may be seen in a variety of clinical sites. Our review found heterogeneity in the care available to YLHIV. The majority of YLHIV are cared for in adult clinical settings with varying patient volumes and availability of multidisciplinary services. Compared to pediatric clinical settings, adult clinical settings have higher patient volume and larger provider panels and may offer more comprehensive services.
Our review found that YLHIV do worse in adult care settings compared to older HIV infected patients and worse compared to YLHIV cared for in pediatric settings. Pediatric clinics likely benefit from youth-friendly settings, though we did not identify specific youthfriendly components and related outcomes to explain this difference in care. Patients fare better in pediatric clinics, however those clinics are too few in number and distribution to absorb the high numbers of newly diagnosed YLHIV and those transitioning from pediatric to adult care.
There is little data on the clinical setting where newly diagnosed YLHIV should be directed. Given the limited capacity of pediatric/adolescent care settings, data on outcomes of youth in adult care settings and interventions to enhance their outcomes are critically needed. Interventions to improve retention and adherence have been used in other key populations, such as HIV-infected people who use drugs. Interventions such as directly administered cART, contingency management, nurse derived interventions, and integrating substance abuse treatment into HIV care settings have shown short term effects in terms of adherence and virologic suppression and ongoing studies are attempting to optimize outcomes (Binford, Kahana, & Altice, 2012) . Similar efforts are needed to develop programs that specifically meet the needs of YLHIV in adult care.
Efforts to optimize the care for YLHIV provided in adult clinical settings will likely lead to improved outcomes for youth who initiate care in adult clinics and facilitate smooth and successful transition for YLHIV who have initiated care in pediatric sites. There has been an emphasis by the World Health Organization (WHO) and others on the importance of youth-friendly services, which are defined as services that are accessible in terms of convenience and cost, acceptable in terms of confidentiality, efficiency, and physical environment, appropriate for youth and their health challenges, effective in terms of training of providers, and equitable in terms of care and respect (WHO, 2012) . Extending these youth friendly services to the adult clinical setting is essential.
Guidelines for the transition of adolescents with chronic medical conditions, and more specifically YLHIV, offer recommendations for success in adult care, in particular the need for a multidisciplinary approach and education of adult providers on the unique needs of youth (Cooley & Sagerman, 2011 ; New York State Department of Health AIDS Institute, 2011; Panel on Antiretroviral Guidelines for Adults and Adolescents, 2016). These guidelines do not specifically address youth who are newly presenting to adult care, though these patients may similarly benefit from a youth-friendly multidisciplinary team and additional training for adult providers. Addressing this challenge will require continued inclusion of youth friendly measures within US Department of Health and Human Services clinical guidelines for adolescents with HIV and inclusion of care for youth as a quality-of-care measure for Health Resources and Services Administration/Ryan White providers.
The optimal model of care for YLHIV is unknown. Studies are needed to define the elements of youth friendly models that optimize retention and engagement outcomes, such as educating providers about youth needs, utilizing technology for communication, and improved accessibility. Models must be sustainable and be able to be implemented on a broader scale to aid those clinical settings with less experience in caring for youth.
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